(19) 



J 



Europaisches Patentamt 
European Patent Office 
Office europeen des brevets 



(11) 



EP 1 235 427 A1 



(12) 



EUROPEAN PATENT APPLICATION 

published in accordance with Art. 158(3) EPC 



(43) Date of publication: 


(51) intct. 7 : H04N 5/57, H04N 5/66, 


28.08.2002 Bulletin 2002/35 


G09G 5/10, G09G 5/00 


(21) Application number: 00977896.0 


(86) International application number: 


(22) Date of filing: 24.11 .2000 


PCT/JPOO/08275 


(87) International publication number: 

WO 01/039495 (31.05.2001 Gazette 2001/22) 


(84) Designated Contracting States: 


• KAGEYAMA, Atsuhisa 


AT BE CH CY DE DK ES Fl FR GB GR IE IT LI LU 


Ibaraki-shi, Osaka 567-0876 (JP) 


MC NL PT SETR 


♦ ISHIKAWA, Katsuya 


Designated Extension States: 


Takatsuki-shi, Osaka 569-1144 (JP) 


AL LT LV MK RO SI 


• SUZUKI, Hidetoshi 

Takatsuki-shi, Osaka 569-0854 (JP) 


(30) Priority: 25.11.1999 JP 33416399 


(74) Representative: Balsters, Robert et al 


(71 ) Applicant: MATSUSHITA ELECTRIC INDUSTRIAL 


Novagraaf SA 


CO., LTD. 


25, Avenue du Pailiy 


Kadoma-shi, Osaka 571-8501 (JP) 


1220 Les Avanchets - Geneva (CH) 


(72) Inventors: 




• KAKUYA, Yuki 




Osaka-shi, Osaka 546-0043 (JP) 





(54) METHOD AND APPARATUS FOR GRADATION CORRECTION, AND VIDEO DISPLAY 



(57) The present invention has an object to provide 
a gradation correcting apparatus for correcting the gra- 
dation of the white side of a video luminance signal. 

The gradation correcting apparatus is provided with 
a maximum value detector 1 01 for detecting a maximum 
value of a luminance signal S101, a white comparator 
102 for comparing the luminance signal S101 , a maxi- 
mum luminance value S1 11 detected by the maximum 
value detector 101. and a first white threshold value 



S1 03, a white linear converter 1 03 for performing linear 
conversion on the luminance signal S101 on the basis 
of the maximum luminance value S111 , the first white 
threshold value S1 03, and a second white threshold val- 
ue S104, and a white controller 104 for correcting the 
luminance signal S101 on the basis of the result of the 
comparison in the white comparator 102, the output of 
the white linear converter 103, and the second white 
threshold value S104. 
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Description 

TECHNICAL FIELD 

5 [0001] The present invention relates to a gradation correcting apparatus, a gradation correcting method, and a video 
display apparatus and, more particularly, the invention relates to a gradation correcting apparatus and method for 
correcting a luminance signal of an input video to an appropriate value according to a dynamic range of a display unit, 
and a video display unit having the gradation correcting apparatus. 

10 BACKGROUND ART 

[0002] A gradation correcting apparatus disclosed in Japanese Published Patent Application No. Hei. 1 -300773 has 
been known as a conventional gradation correcting apparatus. This gradation correcting apparatus relates to a black 
level correcting apparatus, and employs a feedback system in which a black level in a scanning period is detected, a 
is difference between the black level and a pedestal level is outputted and passed through a lowpass filter to perform 
gain adjustment, and the black level is controlled so as to be equal to the pedestal level. 

[0003] However, use of the feedback system causes a problem that much time might be required until the feedback 
system is oscillated or stabilized. On the other hand, white correction, i.e., the white-side expanding operation, has not 
conventionally been carried out, wh ile a prior art as described above has been proposed with respect to black correction, 
20 i.e., correction of the black level. 

[0004] The present invention is made to solve the above-described problems and has for its objects to provided a 
gradation correcting apparatus and method for performing white correction or black correction with stability, without 
using a feedback system, and a video display apparatus having the gradation correcting apparatus. 

25 DISCLOSURE OF THE INVENTION 

[0005] According to Claim 1 of the present invention, a gradation correcting apparatus comprises a maximum value 
detection means for detecting a maximum value of a luminance signal within a predetermined period of time, and 
outputting it as a maximum luminance value; a comparison means for comparing a first white threshold value, the 

30 maximum luminance value, and the luminance signal, and outputting a result of the comparison as a white comparison 
signal; a linear conversion means for receiving the first white threshold value, a second white threshold value, the 
maximum luminance value, and the luminance signal, and performing a predetermined linear conversion on the lumi- 
nance signal to output a white linear-converted luminance signal; and a control means for selecting one from among 
the luminance signal, the second white threshold value, and the white linear-converted luminance signal, on the basis 

35 of the white comparison signal, and outputting it as a white corrected luminance signal; and the control means selects 
the luminance signal when the white comparison signal indicates that the luminance signal is equal to or smaller than 
the first white threshold value, selects the white linear-converted luminance signal when the white comparison signal 
indicates that the luminance signal is largerthan the first white threshold value and equal to or smaller than the maximum 
luminance value, and selects the second white threshold value when the white comparison signal indicates that the 

•to luminance signal is larger than the first white threshold value and larger than the maximum luminance value. 

[0006] According to the present invention, the gradation correcting apparatus is provided with the maximum value 
detection means for detecting the maximum luminance value, the comparison means for comparing the luminance 
signal, the first white threshold value, and the maximum luminance value, the linear conversion means for performing 
linear conversion on the luminance signal and the control means for selecting one from among the luminance signal, 
the second white threshold value, and the white linear-converted luminance signal on the basis of a result of the com- 
parison by the comparison means, and outputting it as a white corrected luminance signal. Therefore, stable correction 
of the gradation of the luminance signal can be carried out without using a feedback system and, furthermore, the most 
of the expressible white side can be expressed, whereby the dynamic range can be enlarged. 

[0007] According to Claim 2 of the present invention, the gradation correcting apparatus defined in Claim 1 further 
50 comprises a threshold value change means for changing the first white threshold value on the basis of an average 
luminance level which is an average of levels of the luminance signal within a predetermined period of time, and 
outputting it as a changed white threshold value; wherein the comparison means and the linear conversion means 
employ the changed white threshold value instead of the first white threshold value. 

[0008] According to the present invention, the gradation correcting apparatus is provided with the threshold value 
55 change means for changing the first white threshold value on the basis of the average luminance level, and outputting 
the changed white threshold value. Therefore, in addition to the same effects as those achieved by the gradation 
correcting apparatus of Claim 1 , the first white threshold value can be appropriately changed according to the status 
of the luminance signal over one field or several fields, and display can be carried out with the dynamic range being 
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enlarged more appropriately according to the dynamic range of the display unit, and furthermore, the contrast of the 
video image constituted by the white corrected luminance signal can be enhanced. 

[0009] According to Claim 3 of the present invention, the gradation correcting apparatus defined in Claim 1 further 
comprises a threshold value change means for changing the first white threshold value on the basis of the maximum 

5 luminance value, and outputting it as a changed white threshold value; and the comparison means and the linear 
conversion means employ the changed white threshold value instead of the first white threshold value. 
[0010] According to the present invention, the gradation correcting apparatus is provided with the threshold value 
change means for changing the first white threshold value on the basis of the maximum luminance value, and outputting 
the changed white threshold value. Therefore, in addition to the same effects as those achieved by the gradation 

10 correcting apparatus of Claim 1 , display can be carried out with the dynamic range being appropriately enlarged by 
effectively using the information obtained from the input video signal, and furthermore, the contrast of the video image 
constituted by the white corrected luminance signal can be further enhanced. 

[0011] According to Claim 4 of the present invention, the gradation correcting apparatus defined in Claim 1 further 
comprises a minimum value detection means for detecting a minimum value of the luminance signal within a prede- 
15 termined period of time, and outputting it as a minimum luminance value; and a threshold value generation means for 
performing a predetermined arithmetic operation on the basis of the maximum luminance value and the minimum 
luminance value to generate a first white threshold value; and the comparison means and the linear-conversion means 
employ the first white threshold value generated by the threshold value generation means. 

[0012] According to the present invention, the gradation correcting apparatus is provided with the minimum value 
20 detection means for detecting the minimum luminance value, and the threshold value generation means for generating 
the first white threshold value on the basis of the maximum luminance value and the minimum luminance value. There- 
fore, in addition to the same effects as those achieved by the gradation correcting apparatus of Claim 1 , an appropriate 
first white threshold value can be generated by effectively using the information obtained from the input video signal, 
and display can be carried out with the dynamic range being enlarged more appropriately according to the dynamic 
25 range of the display unit, and furthermore, the contrast of the video image constituted by the white corrected luminance 
signal can be further enhanced. 

[0013] According to Claim 5 of the present invention, the gradation correcting apparatus defined in Claim 1 further 
comprises a maximum value change means for changing the maximum luminance value, and outputting it as a changed 
maximum luminance value; and the comparison means and the linear-conversion means employ the changed maxi- 

30 mum luminance value instead of the maximum luminance value. 

[0014] According to the present invention, the gradation correcting apparatus is provided with the maximum value 
change means for changing the maximum luminance value. Therefore, in addition to the same effects as those achieved 
by the gradation correcting apparatus of Claim 1 , the flexibility in performing gradation correction is increased, and 
display can be carried out with the dynamic range being enlarged more appropriately according to the dynamic range 

35 of the display unit. 

[0015] According to Claim 6 of the present invention, the gradation correcting apparatus defined in Claim 1 further 
comprises a maximum value change means for changing the maximum luminance value on the basis of an average 
luminance level which is an average of levels of the luminance signal within a predetermined period of time, and 
outputting it as a changed maximum luminance value; and the comparison means and the linear-conversion means 

40 employ the changed maximum luminance value instead of the maximum luminance value. 

[0016] According to the present invention, the gradation correcting apparatus is provided with the maximum value 
change means for changing the maximum luminance value on the basis of the average luminance level, and outputting 
the changed maximum luminance value. Therefore, in addition to the same effects as those achieved by the gradation 
correcting apparatus of Claim 1 , display can be carried out with the dynamic range being appropriately enlarged by 

45 effectively using the information obtained from the input video signal. 

[0017] According to Claim 7 of the present invention, the gradation correcting apparatus defined In Claim 1 further 
comprises a minimum value detection means for detecting a minimum value of the luminance signal within a prede- 
termined period of time, and outputting it as a minimum luminance value; and a threshold value change means for 
changing the second white threshold value on the basis of the minimum luminance value, and outputting it as a changed 

50 white threshold value; and the linear-conversion means and the control means employ the changed white threshold 
value instead of the second white threshold value. 

[0018] According to the present invention, the gradation correcting apparatus is provided with the threshold value 
change means for changing the second white threshold value on the basis of the minimum luminance value. Therefore, 
in addition to the same effects as those achieved by the gradation correcting apparatus of Claim 1 , display can be 
55 carried out with the dynamic range being appropriately enlarged by effectively using the information obtained from the 
input video signal, and furthermore, the contrast of the video image constituted by the white corrected luminance signal 
can be further enhanced. 

[0019] According to Claim 8 of the present invention, the gradation correcting apparatus defined in Claim 1 further 
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comprises a microprocessor for changing the maximum luminance value, and outputting it as a changed maximum 
luminance value; and the comparison means and the linear conversion means employ the changed maximum lumi- 
nance value instead of the maximum luminance value. 

[0020] According to the present invention, the gradation correcting apparatus is provided with the microprocessor 
5 for changing the maximum luminance value to generate the changed maximum luminance value. Therefore, in addition 
to the same effects as those achieved by the gradation correcting apparatus of Claim 5, the processing speed can be 
increased by performing the processing with the microprocessor. Further/since the gradation correcting apparatus is 
not required to have a circuit for performing arithmetic processing or the like, the circuit scale of the gradation correcting 
apparatus can be reduced. 

10 [0021] According to Claim 9 of the present invention, the gradation correcting apparatus defined in Claim 1 further 
comprises a luminance change amount detection means for detecting the amount of change from the luminance value 
of the luminance signal to the luminance value of the white corrected luminance signal, and outputting it as a luminance 
change amount; and a color linking means for correcting color-difference signal on the basis of the luminance change 
amount. 

is [0022] According to the present invention, the gradation correcting apparatus is provided with the luminance change 
amount detection means for detecting the luminance change amount on the basis of the luminance signal and the 
white corrected luminance signal, and the color linking means for correcting the color-difference signal on the basis of 
the luminance change amount to output the corrected color-difference signal. Therefore, in addition to the same effects 
as those achieved by the gradation correcting apparatus of Claim 1 , the corrected color-difference signal, i.e., the color- 

20 difference signal which is corrected so as to be balanced with the luminance signal, can be obtained. 

[0023] According to Claim 10 of the present invention, a gradation correcting apparatus comprises a minimum value 
detection means for detecting a minimum value of a luminance signal within a predetermined period of time, and 
outputting it as a minimum luminance value; a comparison means for comparing a black threshold value, the minimum 
luminance value, and the luminance signal, and outputting a result of the comparison as a black comparison signal; a 

25 linear conversion means for receiving the black threshold value, a pedestal value, the minimum luminance value : and 
the luminance signal, and performing a predetermined linear conversion on the luminance signal to output a black 
linear-converted luminance signal; and a control means for selecting one from among the luminance signal, the pedestal 
value, and the black linear-converted luminance signal, and outputting it as a black corrected luminance signal; and 
the control means selects the luminance signal when the black comparison signal indicates that the luminance signal 

30 is equal to or larger than the black threshold value, selects the black linear-converted luminance signal when the black 
comparison signal indicates that the luminance signal is smaller than the black threshold value and equal to or larger 
than the minimum luminance value, and selects the pedestal value when the black comparison signal indicates that 
the luminance signal is smaller than the black threshold value and smaller than the minimum luminance value. 
[0024] According to the present invention, the gradation correcting apparatus is provided with the minimum value 

35 detection means for detecting the minimum luminance value, the comparison means for comparing the luminance 
signal, the black threshold value, and the minimum luminance value, the linear conversion means for performing linear 
conversion on the luminance signal, and a control means for selecting one from among the luminance signal, the 
pedestal value, and the black linear-converted luminance signal on the basis of the result of the comparison by the 
comparison means, and outputting it as the black corrected luminance signal. Therefore, stable correction of the gra- 

40 dation of the luminance signal can be carried out without using a feedback system, and furthermore, the most of the 
expressible black side can be expressed, whereby the dynamic range can be enlarged. 

[0025] According to Claim 11 of the present invention, the gradation correcting apparatus defined in Claim 1 0 further 
comprises a threshold value change means for changing the black threshold value on the basis of an average luminance 
level which is an average of levels of the luminance signal within a predetermined period of time, and outputting it as 
45 a changed black threshold value; and the comparison means and the linear conversion means employ the changed 
black threshold value instead of the black threshold value. 

[0026] According to the present invention, the gradation correcting apparatus is provided with the threshold value 
change means for changing the black threshold value on the basis of the average luminance level to output the changed 
black threshold value. Therefore, in addition to the same effects as those achieved by the gradation correcting apparatus 
50 of Claim 10, the black threshold value can be appropriately changed according to the status of the luminance signal 
over one field or several fields, and display can be carried out with the dynamic range being enlarged more appropriately 
according to the dynamic range of the display unit, and furthermore, the contrast of the video image constituted by the 
black corrected luminance signal can be further enhanced. 

[0027] According to Claim 12 of the present invention, the gradation correcting apparatus defined in Claim 1 0 further 
55 comprises a threshold value change means for changing the black threshold value on the basis of the minimum lumi- 
nance value, and outputting it as a changed black threshold value; and the comparison means and the linear conversion 
means employ the changed black threshold value instead of the black threshold value. 

[0028] According to the present invention, the gradation correcting apparatus is provided with the threshold value 
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change means for changing the black threshold value on the basis of the minimum luminance value, and outputting 
the changed black threshold value. Therefore, in addition to the same effects as those achieved by the gradation 
correcting apparatus of Claim 10, display can be carried out with the dynamic range being appropriately enlarged by 
effectively using the information obtained from the input video signal, and furthermore, the contrast of the video image 

5 constituted by the black corrected luminance signal can be further enhanced. 

[0029] According to Claim 13 of the present invention, the gradation correcting apparatus defined In Claim 1 0 further 
comprises a maximum value detection means for detecting a maximum value of the luminance signal within a prede- 
termined period of time, and outputting it as a maximum luminance value; and a threshold value generation means for 
performing a predetermined arithmetic operation on the basis of the minimum luminance value and the maximum 

io luminance value to generate a black threshold value; and the comparison means and the linear conversion means 
employ the black threshold value generated by the threshold value generation means. 

[0030] According to the present invention, the gradation correcting apparatus is provided with the maximum value 
detection means for detecting the maximum luminance value, and the threshold value generation means for generating 
the black threshold value on the basis of the minimum luminance value and the maximum luminance value. Therefore, 
15 in addition to the same effects as those achieved by the gradation correcting apparatus of Claim 10, an appropriate 
black threshold value can be generated by effectively using the information obtained from the input video signal, and 
display can be carried out with the dynamic range being enlarged more appropriately according to the dynamic range 
of the display unit, and furthermore, the contrast of the video image constituted by the black corrected luminance signal 
can be further enhanced. 

20 [0031] According to Claim 14 of the present invention, the gradation correcting apparatus defined in Claim 1 0 further 
comprises a minimum value change means for changing the minimum luminance value, and outputting it as a changed 
minimum luminance value; and the comparison means and the linear conversion means employ the changed minimum 
luminance value instead of the minimum luminance value. 

[0032] According to the present invention, the gradation correcting apparatus is provided with the minimum value 
25 change means for changing the minimum luminance value. Therefore, in addition to the same effects as those achieved 
by the gradation correcting apparatus of Claim 10, the flexibility in performing gradation correction is increased, and 
display can be carried out with the dynamic range being enlarged more appropriately according to the dynamic range 
of the display unit. 

[0033] According to Claim 15 of the present invention, the gradation correcting apparatus defined in Claim 10 further 
30 comprises a minimum value change means for changing the minimum luminance value on the basis of an average 
luminance level which is an average of levels of the luminance signal within a predetermined period of time, and 
outputting it as a changed minimum luminance value; and the comparison means and the linear conversion means 
employ the changed minimum luminance value instead of the minimum luminance value. 

[0034] According to the present invention, the gradation correcting apparatus is provided with the minimum value 
35 change means for changing the minimum luminance value on the basis of the average luminance level, and outputting 
the changed minimum luminance value. Therefore, in addition to the same effects as those achieved by the gradation 
correcting apparatus of Claim 10, display can be carried out with the dynamic range being appropriately enlarged by 
effectively using the information obtained from the input video signal. 

[0035] According to Claim 1 6 of the present invention, the gradation correcting apparatus defined in Claim 1 0 further 
40 comprises a microprocessor for changing the minimum luminance value, and outputting it as a changed minimum 
luminance value; and the comparison means and the linear conversion means employ the changed minimum luminance 
value instead of the minimum luminance value. 

[0036] According to the present invention, the gradation correcting apparatus is provided with the microprocessor 
for changing the minimum luminance value to generate the changed minimum luminance value. Therefore, in addition 
45 to the same effects as those achieved by the gradation correcting apparatus of Claim 14, the processing speed can 
be increased by performing the processing with the microprocessor. Further, since the gradation correcting apparatus 
is not required to have a circuit for performing arithmetic processing or the like, the circuit scale of the gradation cor- 
recting apparatus can be reduced. 

[0037] According to Claim 17 of the present invention, a gradation correcting apparatus defined in Claim 10 further 
50 comprises a luminance change amount detection means for detecting the amount of change from the luminance value 
of the luminance signal to the luminance value of the black corrected luminance signal, and outputting it as a luminance 
change value; and a color linking means for correcting color-difference signal on the basis of the luminance change 
amount. 

[0038] According to the present invention, the gradation correcting apparatus is provided with the luminance change 
55 amount detection means for detecting the luminance change amount on the basis of the luminance signal and the 
black corrected luminance signal, and the color linking means for correcting the color-difference signal on the basis of 
the luminance change amount to output the corrected color-difference signal. Therefore, in addition to the same effects 
as those achieved by the gradation correcting apparatus of Claim 10, the corrected color-difference signal can be 
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obtained. 

[0039] According to Claim 18 of the present invention, a gradation correcting method comprises a maximum value 
detection step of detecting a maximum value of a luminance signal within a predetermined period of time; a linear 
conversion step of receiving the first white threshold value, a second white threshold value, the maximum luminance 

5 value, and the luminance signal, and performing a predetermined linear conversion on the luminance signal; a com- 
parison step of comparing a maximum luminance value that is the maximum value detected in the maximum value 
detection step, the first white threshold value, and the luminance signal; and a selection step of selecting one from 
among a linear-converted luminance signal that is obtained by linear-converting the luminance signal in the linear 
conversion step, the luminance signal, and the second white threshold value, as a white corrected luminance signal, 

10 on the basis of a result of comparison in the comparison step; and, in the selection step, the luminance signal is selected 
when the result of comparison in the comparison step indicates that the luminance signal is equal to or smaller than 
the first white threshold value, the linear-converted luminance signal is selected when the result of comparison in the 
comparison step indicates that the luminance signal is larger than the first white threshold value and equal to or smaller 
than the maximum luminance value, and the second white threshold value is selected when the result of comparison 

15 in the comparison step indicates that the luminance signal is larger than the first white threshold value and larger than 
the maximum luminance value. 

[0040] According to the present invention, the gradation correcting method is provided with the maximum value 
detection step of detecting the maximum luminance value, the comparison step of comparing the luminance signal, 
the first white threshold value, and the maximum luminance value, the linear conversion step of performing linear 

20 conversion on the luminance signal, and the selection step of selecting one from among the luminance signal, the 
second white threshold value, and the white linear-converted luminance signal on the basis of the result of the com- 
parison in the comparison step. Therefore, stable correction of the gradation of the luminance signal can be carried 
out without using a feedback system, and furthermore, the most of the expressible white side can be expressed, where- 
by the dynamic range can be enlarged. 

25 [0041] According to Claim 19 of the present invention, a gradation correcting method comprises a minimum value 
detection step of detecting a maximum value of a luminance signal within a predetermined period of time; a linear 
conversion step of receiving a black threshold value, a pedestal value, the minimum luminance value, and the luminance 
value, and performing a predetermined linear conversion on the luminance signal; a comparison step of comparing 
the black threshold value, a minimum luminance value that is the minimum value detected in the minimum value de- 

30 tection step, and the luminance signal; and a selection step of selecting one from among a linear-converted luminance 
signal that is obtained by linear-converting the luminance signal in the linear conversion step, the luminance signal, 
and the pedestal value, as a black corrected luminance signal, on the basis of a result of comparison in the comparison 
step; and, in the selection step, the luminance signal is selected when the result of comparison in the comparison step 
indicates that the luminance signal is equal to or smaller than the black threshold value, the linear-converted luminance 

35 signal is selected when the result of comparison in the comparison step indicates that the luminance signal is smaller 
than the black threshold value and equal to or larger than the minimum luminance value, and the pedestal value is 
selected when the result of comparison in the comparison step indicates that the luminance signal is smaller than the 
black threshold value and smaller than the minimum luminance value. 

[0042] According to the present invention, the gradation correcting method is provided with the minimum value de- 
40 tection step of detecting the minimum luminance value, the comparison step of comparing the luminance signal, the 
black threshold value, and the minimum luminance value, the linear conversion step of performing linear conversion 
on the luminance signal, and the selection step of selecting one from among the luminance signal, the pedestal value, 
and the black linear-converted luminance signal on the basis of the result of the comparison in the comparison step. 
Therefore, stable correction of the gradation of the luminance signal can be carried out without using a feedback 
45 system, and furthermore, the most of the expressible black side can be expressed, whereby the dynamic range can 
be enlarged. 

[0043] According to Claim 20 of the present invention, a video display apparatus is provided with a gradation cor- 
recting apparatus defined in any of Claims 1 to 17. 

[0044] According to the present invention, since the video display apparatus is provided with the gradation correcting 
50 apparatus for performing gradation correction of a luminance signal, a video image can be displayed with the dynamic 
range being enlarged more appropriately according to the dynamic range of the display unit. 

BRIEF DESCRIPTION OF THE DRAWINGS 

55 [0045] 

Figure 1 is a block diagram illustrating the construction of a gradation correcting apparatus according to a first 
embodiment of the present invention. 
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Figure 2 is a flowchart illustrating the operation of the gradation correcting apparatus according to the first embod- 
iment of the present invention. 

Figure 3 is a diagram for explaining the operation of the gradation correcting apparatus according to the first 
embodiment of the present invention. 
5 Figure 4 is a block diagram illustrating the construction of a gradation correcting apparatus according to a second 

embodiment of the present invention. 

Figure 5 is a block diagram illustrating the construction of a gradation correcting apparatus according to a third 
embodiment of the present invention. 

Figure 6 is a block diagram illustrating the construction of a gradation correcting apparatus according to a fourth 
10 embodiment of the present invention. 

Figure 7 is a block diagram illustrating the construction of a gradation correcting apparatus according to a fifth 
embodiment of the present invention. 

Figure 8 is a block diagram illustrating the construction of a gradation correcting apparatus according to a sixth 
embodiment of the present invention. 
is Figure 9 is a block diagram illustrating the construction of a gradation correcting apparatus according to a seventh 

embodiment of the present invention. 

Figure 1 0 is a block diagram illustrating the construction of a gradation correcting apparatus according to an eighth 
embodiment of the present invention. 

Figure 11 is a block diagram illustrating the construction of a gradation correcting apparatus according to a ninth 
20 embodiment of the present invention. 

Figure 12 is a block diagram illustrating the construction of a gradation correcting apparatus according to a tenth 
embodiment of the present invention. 

Figure 13 is a flowchart illustrating the operation of the gradation correcting apparatus according to the tenth 
embodiment of the present invention. 
25 Figure 14 is a diagram for explaining the operation of the gradation correcting apparatus according to the tenth 

embodiment of the present invention. 

Figure 15 is a block diagram illustrating the construction of a gradation correcting apparatus according to an elev- 
enth embodiment of the present invention. 

Figure 1 6 is a block diagram illustrating the construction of a gradation correcting apparatus according to a twelfth 
30 embodiment of the present invention. 

Figure 17 is a block diagram illustrating the construction of a gradation correcting apparatus according to a thir- 
teenth embodiment of the present invention. 

Figure 1 8 is a block diagram illustrating the construction of a gradation correcting apparatus according to a four- 
teenth embodiment of the present invention. 
35 Figure 1 9 is a block diagram illustrating the construction of a gradation correcting apparatus according to a fifteenth 

embodiment of the present invention. 

Figure 20 is a block diagram illustrating the construction of a gradation correcting apparatus according to a sixteenth 
embodiment of the present invention. 

Figure 21 is a block diagram illustrating the construction of a gradation correcting apparatus according to a sev- 
40 enteenth embodiment of the present invention. 

Figure 22 is a block diagram illustrating the construction of a video display apparatus according to an eighteenth 
embodiment of the present invention. 

BEST MODE FOR EXECUTING THE INVENTION 

45 

(Embodiment 1) 



[0046] Hereinafter, a gradation correcting apparatus and a gradation correcting method according to a first embod- 
iment of the present invention will be described with reference to the drawings. 

[0047] Figure 1 is a block diagram illustrating the construction of a gradation correcting apparatus according to the 
first embodiment. 

[0048] In figure 1, a gradation correcting apparatus 150 is provided with a maximum value detector 101, a white 
comparator 102, a white linear converter 103, and a white controller 104. 

[0049] The maximum value detector 1 01 receives a luminance signal S1 01 and a sampling window S1 02 indicating 
a sampling period, and outputs a maximum luminance value S111 which is a maximum value of luminance values 
within a predetermined period of time during which the luminance signal S101 is subjected to sampling. 
[0050] The white comparator 102 receives the luminance signal S1 01, a first white threshold value S103 which is a 
start point when correcting the gradation of the luminance signal S1 01 , and the maximum luminance value S1 1 1 which 
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is outputted from the maximum value detector 1 01 , and performs large/small evaluation on these signals, and outputs 
the result as a white comparison signal S112. 

[0051] The white linear converter 1 03 receives the luminance signal S1 01 , the first white threshold value S1 03 as a 
start point, a second white threshold value S104 as a peak value of the luminance signal S101, and the maximum 
5 luminance value S111 outputted from the maximum detector 101 , and performs linear conversion on the luminance 
signal S101 according to conversion formula (1) which will be described later, and outputs a white linear-converted 
luminance signal S113 as the result of the linear conversion. 

[0052] Assuming that the luminance signal S1 01 is X, the white linear-converted luminance signal S1 13 is Y, the first 
white threshold value S1 03 is WSTPO, the second white threshold value S1 04 is WPEAK, and the maximum luminance 
10 value S111 is MAX, conversion formula (1) is represented as follows. 

conversion formula (1) 

15 Y = (WPEAK-WSTPO) - (X-WSTPO)/(MAX-WSTPO)+WSTPO 

[0053] The white controller 1 04 receives the white comparison signal S112, the luminance signal S101 , the second 
white threshold value S104, and the white linear-converted luminance signal S113, and selects one from among the 
luminance signal S1 01, the second white threshold value S104, and the white linear-converted luminance signal S113 
20 on the basis of the white comparison signal S112, and outputs the selected signal as a white corrected luminance 
signal S1 05. 

[0054] Next, a description will be given of the operation of the gradation correcting apparatus and the gradation 
correcting method according to the first embodiment. 

[0055] Figure 2 is a flowchart illustrating the operation of the gradation correcting apparatus 150 according to the 
25 first embodiment. 

[0056] Initially, a luminance signal S1 01 , which is a component of a video signal, is supplied to the gradation correcting 
apparatus 150. 

[0057] The maximum value detector 101 detects a maximum luminance value S111 as a maximum value of the 
luminance signal S101 , for every field, according to the sampling window S102, and outputs the maximum luminance 
30 signal S111 (step S11). 

[0058] The white linear converter 1 03 subjects the luminance signal S101 to linear conversion on the basis of con- 
version formula (1), thereby obtaining a white linear-converted luminance signal S113 (step S12). 
[0059] The white comparator 102 compares the luminance signal S101 , the first white threshold value S103, and 
the maximum luminance value S11 1 , and outputs a white comparison signal S1 12 as the comparison result to the white 

35 controller 1 04 (step S1 3) . 

the maximum luminance value S111, which is used for the comparison with the luminance signal S101 and the 
like in the white comparator 1 02 or for the linear conversion of the luminance signal S1 01 in the white linear converter 
103, has been obtained in a field that is just previous to a field to which the luminance signal S101 used for the com- 
parison or linear conversion belongs. 

40 [0060] The white controller 1 04 selects a white corrected luminance signal S105 from among the luminance signal 
S101, the second white threshold value S104, and the white linear-converted luminance signal S113, on the basis of 
the white comparison signal S112, and outputs it (step S14). 

[0061] More specifically, when the white comparison signal S112 indicates that the luminance signal S101 is equal 
to or smaller than the first white threshold value S103, the white controller 104 outputs the luminance signal S1 01 as 

45 a white corrected luminance signal S1 05, regardless of the value of the maximum luminance value S1 1 1 . Further, when 
the white comparison signal S112 indicates that the luminance signal S101 is larger than the first white threshold value 
S103 and equal to or smaller than the maximum luminance signal S111, the white controller 104 outputs the white 
linear-converted luminance signal S1 1 3 outputted from the white linear converter 1 03 as a white corrected luminance 
signal S105. Furthermore, when the white comparison signal S112 indicates that the luminance signal S101 is larger 

so than the first white threshold value S1 03 and larger than the maximum luminance value S111 , the white controller 1 04 
outputs the second white threshold value S104 as a white corrected luminance signal S1 05. 

[0062] The first white threshold value S103 and the second white threshold value S104 are set so that the white 
corrected luminance signal S105 as the output from the gradation correcting apparatus 1 50 becomes an appropriate 
one, by the designer of the gradation correcting apparatus 150, with referring to an output video image displayed on 
55 a display unit (not shown). The first white threshold value S1 03 and the second white threshold value S1 04 are stored 
in a predetermined memory (not shown), and are read from the memory by the white linear converter 103 or the like. 
[0063] By repeating the processes in steps from S11 to S1 4 of the flowchart shown in figure 2, white-side gradation 
correction is performed on the luminance signal S101 . 
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[0064] The white corrected luminance signal S1 05 outputted from the gradation correcting apparatus 1 50 as well as 
color-difference signals are converted into RGB signals, whereby the gradation -corrected video image is displayed on 
the display unit (not shown). 

[0065] Figure 3 is a diagram illustrating the relationship between the luminance signal S1 01 and the white corrected 
luminance signal S105. 

[0066] When taking the luminance signal S1 01 on the X axis and the white corrected luminance signal S1 05 on the 
Y axis, the relationship between the luminance signal S101 and the white corrected luminance signal S105 becomes 
the graph shown in figure 3. It is premised that the maximum luminance signal S111 is larger than the first white 
threshold value S1 03. 

[0067] As described above, when the luminance signal S1 01 is within a range A shown in figure 3, a white corrected 
luminance signal S1 05, which is obtained by linear-converting the luminance signal S1 01 into a straight line connecting 
the second white threshold value S104 as a white peak value and the first white threshold value S103, is outputted. 
Further, when the luminance signal S1 01 is within a range B shown in figure 3, the second white threshold value S1 04 
as a white peak value is outputted as a white corrected luminance signal S105. 

[0068] As described above, the gradation correcting apparatus according to the first embodiment is provided with 
the maximum value detector 101 for detecting the maximum luminance value S111; the white comparator 102 for 
comparing the luminance signal S1 01 , the first white threshold value S1 03, and the maximum luminance value S1 11 ; 
the white linear converter 1 03 for performing linear conversion on the luminance signal S1 01 ; and the white controller 
104 for selecting one from among the luminance signal S101 , the second white threshold value S104, and the white 
linear-converted luminance signal S113, on the basis of the comparison result in the white comparator 102, and out- 
putting it as the white corrected luminance signal S105. Therefore, stable correction of the gradation of the luminance 
signal S101 can be carried out without using a feedback system. Further, since the white peak is extended when the 
luminance signal S1 01 is within the range A shown in figure 3, the most of the expressible white side can be expressed, 
whereby the dynamic range can be enlarged. 

[0069] While in this first embodiment the maximum value detector 1 01 detects the maximum luminance value S111 
for every field, the present invention is not restricted thereto. For example, the maximum value detector 1 01 may detect 
the maximum luminance value S111 for every several fields or for every frame. 

[0070] Furthermore, in the flowchart shown in figure 2 according to the first embodiment, the process in step S12 
and the process in step S13 may be simultaneously performed irrespective of the order. 

(Embodiment 2) 

[0071] Hereinafter, a gradation correcting apparatus according to a second embodiment of the present invention will 
be described with reference to the drawings. 

[0072] Figure 4 is a block diagram illustrating the construction of a gradation correcting apparatus according to the 
second embodiment. 

[0073] With reference to figure 4, a gradation correcting apparatus 151 is provided with a maximum value detector 
101 , a white comparator 102, a white linear converter 103, a white controller 104, and a threshold change unit 105. 
The constructions and operations of parts other than part relating to the threshold value change unit 105 are identical 
to those of the gradation correcting apparatus 1 50 according to the first embodiment and, therefore, repeated descrip- 
tion is not necessary. 

[0074] The threshold value change unit 1 05 changes a first white threshold value S1 03 on the basis of an average 
luminance level S1 06 which is obtained by averaging luminance levels over a predetermined period of time, e.g., one 
field or several fields of a luminance signal S1 01 , and outputs the first white threshold value S1 03 so changed, as a 
changed white threshold value S114. 

[0075] Next, the operation of the gradation correcting apparatus according to the second embodiment will be de- 
scribed. 

[0076] The threshold value change unit 1 05 receives the average luminance level S1 06 and the first white threshold 
value S1 03. Then, the threshold value change unit 1 05 changes the first white threshold value S1 03 so as to decrease 
it when the average luminance level S1 06 is smaller than a predetermined reference value, and changes the first white 
threshold value S103 so as to increase it when the average luminance level S106 is larger than the predetermined 
reference value. The threshold value change unit 1 05 outputs the value obtained by changing the first white threshold 
value S103, as a changed white threshold value S114, to the white comparator 102 and to the white linear converter 
103. As for the reference value to be used for the large/small evaluation of the average luminance level S106 and the 
amount of change of the first white threshold value S103. appropriate values are selected by the designer. 
[0077] In the white comparator 102 and the white linear converter 103, the changed white threshold value S114 is 
used in like manner as the first white threshold value S1 03 according to the first embodiment. 
[0078] The operation of the gradation correcting apparatus 151 other than the threshold value change unit 105 is 
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identical to that described for the first embodiment and, therefore, repeated description is not necessary. 
[0079] As described above, the gradation correcting apparatus according to the second embodiment is provided with 
the threshold value change unit 105 for changing the first white threshold value S103 on the basis of the average 
luminance level S106, and outputting the changed white threshold value S114. Therefore, in addition to the effects 

5 achieved by the first embodiment, the first white threshold value S1 03 can be appropriately changed according to the 
condition of the luminance signal S 1 01 over one field or several fields, and display can be carried out with the dynamic 
range being enlarged more appropriately according to the dynamic range of the display unit, and furthermore, the 
contrast of the video image constituted by the white corrected luminance signal S105 can be enhanced. 
[0080] The amount of change by which the threshold value change unit 1 05 changes the first white threshold value 

10 S103 may be a default value that is determined by the designer, or it may be a variable value that is determined on 
the basis of a difference between a predetermined reference value and the average luminance level S106. 
[0081] While in this second embodiment the threshold value change unit 1 05 compares the average luminance level 
S106 with a single reference value, the present invention is not restricted thereto, and there may be two or more 
reference values to be compared with the average luminance level S106. For example, the threshold value change 

15 unit 105 changes the first white threshold value so as to decrease it when the average luminance level S1 06 is smaller 
than a first reference value, does not change the first white threshold value S103 when the average luminance level 
S106 is between the first reference value and a second reference value that is larger than the first reference value, 
and changes the first white threshold value S1 03 so as to increase it when the average luminance level S1 06 is larger 
than the second reference value. 

20 

(Embodiment 3) 

[0082] Hereinafter, a gradation correcting apparatus according to a third embodiment of the present invention will 
be described with reference to the drawings. 
25 [0083] Figure 5 is a block diagram illustrating the construction of a gradation correcting apparatus according to the 
third embodiment. 

[0084] With reference to figure 5, a gradation correcting apparatus 152 is provided with a maximum value detector 
101 , a white comparator 102, a white linear converter 103, a white controller 104 : and a threshold value change unit 
106. The constructions and operations of parts other than part relating to the threshold value change unit 106 are 
30 identical to those of the gradation correcting apparatus 1 50 according to the first embodiment and, therefore, repeated 
description is not necessary. 

[0085] The threshold value change unit 1 06 changes a first white threshold value S1 03 on the basis of a maximum 
luminance value S1 11 , and outputs the first white threshold value S1 03 so changed as a changed white threshold value 
S115. 

35 [0086] Next, the operation of the gradation correcting apparatus according to the third embodiment will be described. 
[0087] The threshold value change unit 1 06 receives the maximum luminance value S1 11 and the first white threshold 
value S1 03. Then, the threshold value change unit 1 06 changes the first white threshold value S1 03 so as to decrease 
it when the maximum luminance value S111 is smaller than a predetermined reference value, and changes the first 
white threshold value S1 03 so as to increase it when the maximum luminance value S1 1 1 is larger than the predeter- 

40 mined reference value. The threshold value change unit 106 generates a changed white threshold value S115, and 
outputs it to the white comparator 102 and to the white linear converter 103. As for the reference value to be used for 
the large/small evaluation of the maximum luminance value S1 1 1 and the amount of change of the first white threshold 
value S103, appropriate values are selected by the designer. 

[0088] In the white comparator 102 and the white linear converter 103, the changed white threshold value S115 is 
45 used in like manner as the first white threshold value S1 03 according to the first embodiment. 

[0089] The operation of the gradation correcting apparatus 152 other than the threshold value change unit 106 is 
identical to that described for the first embodiment and, therefore, repeated description is not necessary. 
[0090] As described above, the gradation correcting apparatus according to the third embodiment is provided with 
the threshold value change unit 106 for changing the first white threshold value S103 on the basis of the average 
so luminance level S106, and outputting the changed white threshold value S115. Therefore, in addition to the effects 
achieved by the first embodiment, display can be carried out with the dynamic range being appropriately enlarged, by 
effectively using the information obtained from the input video signal and, furthermore, the contrast of the video image 
constituted by the white corrected luminance signal S1 05 can be further enhanced. 

[0091] The amount of change by which the first white threshold value S1 03 changes the threshold value change unit 
55 106 may be a default value that is determined by the designer, or it may be a variable value that is determined on the 
basis of a difference between the predetermined reference value and the maximum luminance value S111 . 
[0092] While in this third embodiment the threshold value change unit 1 06 compares the maximum luminance value 
S111 with a single reference value, the present invention is not restricted thereto, and there may be two or more 
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reference values to be compared with the maximum luminance value S11 1 . For example, the threshold value change 
unit 106 changes the first white threshold value S103 so as to decrease it when the maximum luminance value S111 
is smaller than a first reference value, does not change the first white threshold value S103 when the maximum lumi- 
nance value S 1 1 1 is between the first reference value and a second reference value that is largerthan the first reference 
value, and changes the first white threshold value S1 03 so as to increase it when the maximum luminance value S111 
is largerthan the second reference value. 

(Embodiment 4) 

[0093] Hereinafter, a gradation correcting apparatus according to a fourth embodiment of the present invention will 
be described with reference to the drawings. 

[0094] Figure 6 is a block diagram illustrating the construction of a gradation correcting apparatus according to the 
fourth embodiment. 

[0095] With reference to figure 6, a gradation correcting apparatus 153 is provided with a maximum value detector 
101 , a white comparator 102, a white linear converter 103, a white controller 1 04, a minimum value detector 107 : and 
a threshold value generator 109. The constructions and operations of parts other than parts relating to the minimum 
value detector 107 and the threshold value generator 1 09 are identical to those of the gradation correcting apparatus 
150 according to the first embodiment, and therefore, repeated description is not necessary. 

[0096] The minimum value detector 1 07 receives a luminance signal S1 01 and a sampling window S1 02 indicating 
a sampling period, and outputs a minimum luminance value S1 16 which is a minimum value of luminance values within 
a predetermined period of time during which the luminance signal S101 is subjected to sampling. 
[0097] The threshold value generator 1 09 receives the maximum luminance value S1 1 1 outputted from the maximum 
value detector 101 and the minimum luminance value S116 outputted from the minimum value detector 107, obtains 
a difference between the maximum luminance value S111 and the minimum luminance value S116, performs an arith- 
metic operation in which the obtained difference is divided by 2 and the minimum luminance value S116 is added 
thereto, and outputs the operation result as a first white threshold value S108. 

[0098] Next, the operation of the gradation correcting apparatus according to the fourth embodiment will bedescribed. 
[0099] The minimum value detector 107 detects the minimum luminance value S1 16 which is the minimum value of 
the luminance signal S1 01 , for every field, according to the sampling window S1 02, and outputs the minimum luminance 
value S116. 

[0100] The threshold value generator 109 performs the above-mentioned operation on the maximum luminance 
value S1 1 1 and the minimum luminance value S1 1 6, and outputs a first white threshold value S1 08. In the white com- 
parator 1 02 and the white linear converter 1 03, the first white threshold value S1 08 is used in like manner as the first 
white threshold value S103 according to the first embodiment. 

[0101] The operation of the gradation correcting apparatus 153 other than the minimum value detector 107 and the 
threshold value generator 1 09 is identical to that described for the first embodiment and, therefore, repeated description 
is not necessary. 

[01 02] As described above, the gradation correcting apparatus according to the fourth embodiment is provided with 
the minimum value detector 107 for detecting the minimum luminance value S116, and the threshold value generator 
109 for generating a first white threshold value S108 on the basis of the maximum luminance value S111 and the 
minimum luminance value S11 6. Therefore, in addition to the effects achieved by the first embodiment, an appropriate 
first white threshold value S108 can be generated by effectively using the information obtained from the input video 
signal, and display can be carried out with the dynamic range being enlarged more appropriately according to the 
dynamic range of the display unit, and furthermore, the contrast of the video image constituted by the white corrected 
luminance signal S105 can be further enhanced. 

[01 03] in the threshold value generator 1 09 according to the fourth embodiment, "2" is employed as a value by which 
the deference between the maximum luminance value S111 and the minimum luminance value S116 is to be divided. 
However, this value may be a predetermined real number which is selected by the designer so that the output video 
image becomes a satisfactorily one. 

[01 04] Furthermore, while in this fourth embodiment the minimum value detector 1 07 detects the minimum luminance 
value S116 for every field, the present invention is not restricted thereto. For example, the minimum value detector 
1 07 may detect the minimum luminance value S1 1 6 for every several fields or every frame. 

(Embodiment 5) 

[0105] Hereinafter, a gradation correcting apparatus according to a fifth embodiment of the present invention will be 
described with reference to the drawings. 

[01 06] Figure 7 is a block diagram illustrating a gradation correcting apparatus according to the fifth embodiment. 
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[0107] In figure 7, a gradation correcting apparatus 154 is provided with a maximum value detector 101 , a white 
comparator 102, a white linear converter 103, a white controller 104, and a maximum value change unit 110. The 
constructions and operations of parts other than part relating to the maximum value change unit 110 are identical to 
those of the gradation correcting apparatus 1 50 according to the first embodiment and, therefore, repeated description 
5 is not necessary. 

[01 08] The maximum value change unit 1 1 0 adds or subtracts a predetermined value to/from the maximum luminance 
value S111, and outputs the maximum luminance value S111 so changed as a changed maximum luminance value 
S11 9. As for the predetermined value to be added to or subtracted from the maximum luminance value S111 by the 
maximum value change unit 110, an appropriate value is previously selected by the designer, and whether the value 

10 is to be added to or subtracted from the maximum luminance value S111 is also determined by the designer. 

[0109] Next, the operation of the gradation correcting apparatus according to the fifth embodiment will be described. 
[01 1 0] The maximum luminance value S1 1 1 detected by the maximum value detector 1 01 is inputted to the maximum 
value change unit 110. The maximum value change unit 110 adds or subtracts a predetermined value to/from the 
maximum luminance value S111. and outputs a changed maximum luminance value S119. Then, in the white compa- 

*5 rator 102 and the white linear converter 103, the changed maximum luminance value S119 is used in like manner as 
the maximum luminance value S111 according to the first embodiment. 

[01 1 1 ] Since the operation of the gradation correcting apparatus 1 54 other than the maximum value change unit 110 
is identical to that described for the first embodiment, repeated description is not necessary. 

[0112] As described above, the gradation correcting apparatus according to the fifth embodiment is provided with 
20 the maximum value change unit 110 for changing the maximum luminance value S111 . Therefore, in addition to the 
same effects as achieved by the first embodiment, the flexibility in performing gradation correction is increased, and 
display can be carried out with the dynamic range being enlarged more appropriately according to the dynamic range 
of the display unit. 

[0113] While in this fifth embodiment the maximum value change unit 110 adds or subtracts a value predetermined 
25 by the designer to/from the maximum luminance value S111 , the present invention is not restricted thereto. The max- 
imum value change unit 110 may generate a changed maximum luminance value S119 by comparing the maximum 
luminance value S111 from the maximum value detector 1 01 with a single reference value or plural reference values 
which is/are predetermined, and changing the maximum luminance value S111 on the basis of the comparison result. 
As for the process of changing the maximum luminance value S111 , for example, there is a process of subtracting a 
30 predetermined value from the maximum luminance value S111 when the maximum luminance value S111 is larger 
than a predetermined reference value while adding the predetermined value to the maximum luminance value S111 
when the maximum luminance value S11 1 is smaller than the predetermined reference value, or a process of changing 
the maximum luminance value S111 so that the maximum luminance value S111 falls within a predetermined range. 

35 (Embodiment 6) 

[0114] Hereinafter, a gradation correcting apparatus according to a sixth embodiment of the present invention will 
be described with reference to the drawings. 

[0115] Figure 8 is a block diagram illustrating the construction of a gradation correcting apparatus according to the 
40 sixth embodiment. 

[0116] With reference to figure 8, a gradation correcting apparatus 155 is provided with a maximum value detector 
101 , a white comparator 102, a white linear converter 103, a white controller 104, and a maximum value change unit 
111 . The constructions and operations of parts other than part relating to the maximum value change unit 111 are 
identical to those of the gradation correcting apparatus 150 of the first embodiment, and therefore, repeated description 
45 is not necessary. 

[0117] The maximum value change unit 111 changes the maximum luminance value S111 outputted from the max- 
imum value detector 1 01 on the basis of the average luminance level S1 06, and outputs the maximum luminance value 
S1 1 1 so changed, as a changed maximum luminance value S1 20. 

[01 1 8] Next, the operation of the gradation correcting apparatus according to the sixth embodiment will be described. 

50 [01 1 9] The maximum luminance value S1 1 1 detected by the maximum value detector 1 01 is inputted to the maximum 
value change unit 111. The maximum value change unit 111 changes the maximum luminance value S111 so as to 
decrease it when the average luminance level S106 is smaller than a predetermined reference value, and changes 
the maximum luminance value S111 so as to increase it when the average luminance level S106 is larger than the 
predetermined reference value. Then, the maximum value change unit 111 outputs the maximum luminance value 

55 S11 1 so changed, as a changed maximum luminance value S1 20, to the white comparator 1 02 and to the white linear 
converter 103. As for the reference value to be used for the large/small evaluation of the average luminance level S106 
and the amount of change of the maximum luminance value S111 , appropriate values are selected by the designer. 
[0120] In the white comparator 102 and the white linear converter 103, the changed white threshold value S115 is 
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used in like manner as the first white threshold value S103 according to the first embodiment. 

[0121] The operation of the gradation correcting apparatus 151 other than the threshold value change unit 106 is 

identical to that described for the first embodiment and, therefore, repeated description is not necessary. 

[0122] As described above, the gradation correcting apparatus according to the sixth embodiment is provided with 

the maximum value change unit 111 for changing the maximum luminance value S111 on the basis of the average 

luminance level S1 06, and outputting the changed maximum luminance value S1 20. Therefore, in addition to the same 

effects as achieved by the first embodiment, display can be carried out with the dynamic range being appropriately 

enlarged by effectively using the information obtained from the input video signal. 

[0123] The amount of change by which the maximum value change unit 111 changes the maximum luminance value 
S111 may be a default value that is determined by the designer, or it may be a variable value that is determined on the 
basis of a difference between the predetermined reference value and the average luminance level S106. 
[01 24] Further, while in this sixth embodiment the maximum value change unit 111 compares the average luminance 
level S106 with a single reference value, the present invention is not restricted thereto, and there may be two or more 
reference values to be compared with the average luminance level S1 06. 

(Embodiment 7) 

[0125] Hereinafter, a gradation correcting apparatus according to a seventh embodiment of the present invention 
will be described with reference to the drawings. 

[0126] Figure 9 is a block diagram illustrating the construction of a gradation correcting apparatus according to the 
seventh embodiment. 

[0127] With reference to figure 9, a gradation correcting apparatus 156 is provided with a maximum value detector 
101 , a white comparator 102, a white linear converter 103, a white controller 104, a minimum value detector 107, and 
a threshold value change unit 1 1 2. The construction and operation of part relating to the minimum value detector 1 07 
are identical to those of the minimum value detector 107 according to the fourth embodiment, and the constructions 
and operations of parts other than parts relating to the minimum value detector 107 and the threshold value change 
unit 1 1 2 are identical to those of the gradation correcting apparatus 1 50 according to the first embodiment, and there- 
fore, only the threshold value change unit 112 will be described hereinafter. 

[0128] The threshold value change unit 112 changes the second white threshold value S 104 on the basis of the 
minimum luminance value S1 1 6 detected by the minimum value detector 1 07, and outputs the second white threshold 
value S1 04 so changed, as a changed white threshold value S 1 21 . 

[01 29] Next, the operation of the gradation correcting apparatus according to the fourth embodiment will be described. 
[0130] The threshold value change unit 112 receives the second white threshold value S104 and the minimum lu- 
minance value S116. The threshold value change unit 112 changes the second white threshold value S104 so as to 
decrease it when the minimum luminance value S116 is smaller than a predetermined reference value, and changes 
the second white threshold value S1 04 so as to increase it when the minimum luminance value S1 1 6 is larger than the 
predetermined reference value. Then, the threshold value change unit 112 outputs the second white threshold value 

51 04 so changed, as a changed white threshold value S1 21 , to the white linear converter 1 03 and to the white controller 
104. As for the reference value to be used for the large/small evaluation of the minimum luminance value S116 and 
the amount of change of the second white threshold value S104, appropriate values are selected by the designer. 
[0131] In the white linear converter 1 03 and the white controller 1 04, the changed white threshold value S1 21 is used 
in like manner as the second white threshold value S104 according to the first embodiment. 

[0132] As described above : the gradation correcting apparatus according to the seventh embodiment is provided 
with the threshold value change unit 112 for changing the second white threshold value S104 on the basis of the 
minimum luminance value S1 16. Therefore, in addition to the effects achieved by the first embodiment, display can be 
carried out with the dynamic range being appropriately enlarged by effectively using the information obtained from the 
input video signal, and furthermore, the contrast of the video image constituted by the white corrected luminance signal 

51 05 can be further enhanced. 

[0133] The amount of change by which the threshold value change unit 112 changes the second white threshold 
value S1 04 may be a default value that is determined by the designer, or it may be a variable value that is determined 
on the basis of a difference between the predetermined reference value and the minimum luminance value S116. 
[0134] While in this seventh embodiment the threshold value change unit 112 compares the minimum luminance 
value S1 1 6 with a signal reference value, the present invention is not restricted thereto, and there may be two or more 
reference values to be compared with the minimum luminance value S116, 

(Embodiment 8) 

[01 35] Hereinafter, a gradation correcting apparatus according to an eighth embodiment of the present invention will 
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be described with reference to the drawings. 

[0136] Figure 10 is a block diagram illustrating the construction of a gradation correcting apparatus according to the 
eighth embodiment. 

[01 37] With reference to figure 1 0, a gradation correcting apparatus 1 57 is provided with a maximum value detector 
5 101, a white comparator 102, a white linear converter 103, a white controller 104, and a microprocessor 113. The 
constructions and operations of parts other than part relating to the microprocessor 11 3 are identical to those described 
for the gradation correcting apparatus 150 according to the first embodiment and, therefore, repeated description is 
not necessary. 

[0138] The microprocessor 113 performs the same processing as the maximum value change unit 110 according to 
10 the fifth embodiment, and outputs a changed maximum luminance value S122. 

[0139] Next, the operation of the gradation correcting apparatus according to the eighth embodiment will be de- 
scribed. 

[0140] The microprocessor 113 performs the same processing as the maximum value change unit 11 0 of the fifth 
embodiment, on the maximum luminance value S111 detected by the maximum value detector 101, and outputs a 

t5 changed maximum luminance value S1 22 to the white comparator 1 02 and to the white linear converter 1 03. 

[01 41 ] In the white comparator 1 02 and the white linear converter 1 03 , the changed maximum luminance value S1 22 
is used in like manner as the maximum luminance value S111 according to the first embodiment. 
[0142] The operation of the gradation correcting apparatus other than the microprocessor 113 is identical to that 
described for the first embodiment and, therefore, repeated description is not necessary. 

20 [01 43] As described above, the gradation correcting apparatus according to the eighth embodiment is provided with 
the microprocessor 113 which performs the same processing as the maximum value change unit 110 of the fifth em- 
bodiment which changes the maximum luminance value S111 to generate a changed maximum luminance value. 
Therefore, in addition to the same effects as achieved by the fifth embodiment, the processing speed is increased by 
performing the processing with the microprocessor 113. Further, since the gradation correcting apparatus 157 is not 

?5 required to have a circuit for performing arithmetic processing or the like, the circuit scale of the gradation correcting 
apparatus 157 can be reduced. 

(Embodiment 9) 

30 [0144] Hereinafter, a gradation correcting apparatus according to a ninth embodiment of the present invention will 
be described with reference to the drawings. 

[0145] Figure 1 1 is a block diagram illustrating the construction of a gradation correcting apparatus according to the 
ninth embodiment. 

[0146] With reference to figure 1 1 , a gradation correcting apparatus 1 58 is provided with a maximum value detector 
35 1 01 , a white comparator 1 02, a white linear converter 1 03, a white controller 1 04, a luminance change amount detector 
114. and a color linking unit 115. The constructions and operations of parts other than parts relating to the luminance 
change amount detector 1 1 4 and the color linking unit 1 15 are identical to those of the gradation correcting apparatus 
150 of the first embodiment and, therefore, repeated description is not necessary. 

[0147] The luminance change amount detector 114 receives the luminance signal S101 and the white corrected 
io luminance signal S1 05, and obtains a difference between the luminance signal S1 01 and the white corrected luminance 
signal S105 to detect an amount of change of the luminance value that is gradation -corrected to the white side, and 
outputs the amount of change as a luminance change amount S125. 

[0148] The color linking unit 115 corrects a color-difference signal S123 according to the luminance change amount 
S125 to make a balance of the color-difference signal S123 with the white corrected luminance signal S105 that is 

«5 gradation -corrected to the white side. 

[01 49] Next, the operation of the gradation correcting apparatus according to the ninth embodiment will be described. 
[0150] The luminance change amount detector 114 obtains a difference between the luminance signal S101 and the 
white corrected luminance signal S105, and outputs the difference as a luminance change amount S125 to the color 
linking unit 115. The color linking unit 115 changes the color-difference signal S123 on the basis of the luminance 

50 change amount S1 25, and outputs a corrected color-difference signal S124. For example, when AY is inputted as the 
luminance change amount S1 25 and R-Y and B-Y are inputted as the color-difference signal S123 to the color linking 
unit 115, the color-difference signal S123 is converted into R-Y-AY and B-Y-AY in the color linking unit 115, and they 
are outputted as the corrected color-difference signal S124. Here, the AY is a value obtained by subtracting the lumi- 
nance signal S101 from the white corrected luminance signal S105. 

55 [0151] The operation of the gradation correcting apparatus 158 other than the luminance change amount detector 
114 and the color linking unit 115 is identical to that described for the first embodiment and, therefore, repeated de- 
scription is not necessary. 

[0152] As described above, the gradation correcting apparatus according to the ninth embodiment is provided with 
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the luminance change amount detector 114 for detecting the luminance change amount S125 on the basis of the 
luminance signal S1 01 and the white corrected luminance signal S1 05, and the color linking unit 1 1 5 for correcting the 
color-difference signal S 123 on the basis of the luminance change amount S 125 to output the corrected col or- difference 
signal S1 24. Therefore, in addition to the same effects as achieved by the first embodiment, the corrected color-differ- 
ence signal S124, which is obtained by correcting the color-difference signal S123 so as to be balanced with the 
luminance signal S101 , can be obtained. 

[0153] Conversion to be performed on the color-difference signal S123 by the color linking unit 115 is not restricted 
to the conversion described for the ninth embodiment. Any conversion may be carried out as long as the col or- difference 
signal S123 is appropriately changed on the basis of the luminance change amount S125 that is the amount of change 
of the luminance signal S101, and the corrected color-difference signal S124 is balanced with the white corrected 
luminance signal S105. 

(Embodiment 10) 

[0154] Hereinafter, a gradation correcting apparatus and a gradation correcting method according to a tenth embod- 
iment of the present invention will be described with reference to the drawings. 

[0155] Figure 12 is a block diagram illustrating the construction of a gradation correcting apparatus according to the 
tenth embodiment. 

[0156] In figure 12, a gradation correcting apparatus 250 is provided with a minimum value detector 201 , a black 
comparator 202, a black linear converter 203, and a black controller 204. 

[0157] The minimum value detector 201 receives a luminance signal S201 and a sampling window S202 indicating 
a sampling period, and outputs a minimum luminance value S211 which is the minimum value of luminance values 
within a predetermined period during which the luminance signal S201 is subjected to sampling. 
[0158] The black comparator 202 receives the luminance signal S201 , a black threshold value S203 which is a start 
point when correcting the gradation of the luminance signal S201 . and the minimum luminance value S211 which is 
outputted from the minimum value detector 201 , and performs large/small evaluation on them, and outputs the result 
as a black comparison signal S112. 

[0159] The black linear converter 203 receives the luminance signal S201 , the black threshold value S203 as a start 
point, a pedestal value S204 of the luminance signal S201 , and the minimum luminance value S211 outputted from 
the minimum value detector 201 , and performs linear conversion on the luminance signal S201 according to conversion 
formula (2) described later, and outputs a black linear-converted luminance signal S213 as the result of the linear 
conversion. 

[0160] Assuming that the luminance signal S201 is X, the black linear-converted luminance signal S213 is Y, the 
black threshold value S203 is BSTPO, the pedestal value S204 is PLEV, and the minimum luminance value S211 is 
MIN, conversion formula (2) is represented as follows. 



conversion formula (2) 

40 Y = (BSTPO-PLEV) - X/(BSTPO-MIN)+(PLEV-MIN) • BSTPO/( BSTPO- MIN) 

[0161] The black controller 204 receives the black comparison signal S212, the luminance signal S201 , the pedestal 
value S204, and the black linear-converted luminance signal S213, and selects one from among the luminance signal 
S201 , the pedestal value S204, and the black linear-converted luminance signal S213 on the basis of the black com- 
45 parison signal S21 2, and outputs the selected signal as a black corrected luminance signal S205. 

[0162] Next, a description will be give of the operation of the gradation correcting apparatus and the gradation cor- 
recting method according to the tenth embodiment. 

[0163] Figure 13 is a flowchart illustrating the operation of the gradation correcting apparatus 250 according to the 
tenth embodiment. 

so [01 64] Initially, the luminance signal S201 , which is a component of the input video signal, is supplied to the gradation 
correcting apparatus 250. 

[0165] The minimum value detector 201 detects a minimum luminance value S211 which is a maximum value of the 
luminance signal S201 , for each field, according to the sampling window S202, and outputs the minimum luminance 
signal S211 (stepS21). 

55 [0166] The black linear converter 203 performs linear conversion on the luminance signal S201 on the basis of 
conversion formula (2) to obtain a black linear-converted luminance signal S213 (step S22). 

[0167] The black comparator 202 compares the luminance signal S201 , the black threshold value S203, and the 
minimum luminance value S211 , and outputs a black comparison signal S212 as the comparison result to the black 
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controller 204 (step S23). 

[0168] The minimum luminance value S211, which is used for the comparison with the luminance signal S201 or the 
like in the black comparator 202 or for the linear conversion of the luminance signal S201 in the black linear converter 
203, has been obtained in a field that is just previous to a field to which the luminance signal S201 used for the com- 
5 parison or linear conversion belongs. 

[0169] The black controller 204 selects a black corrected luminance signal S205 from among the luminance signal 
S201, the pedestal value S204, and the black linear-converted luminance signal S213, on the basis of the black com- 
parison signal S212, and outputs it (step S24). 

[0170] More specifically, when the black comparison signal S212 indicates that the luminance signal S201 is equal 
10 to or larger than the black threshold value S203, the black controller 204 outputs the luminance signal S201 as the 
black corrected luminance signal S205 regardless of the value of the minimum luminance value S211 . Further, when 
the black comparison signal S212 indicates that the luminance signal S201 is smaller than the black threshold value 
S203 and equal to or larger than the minimum luminance signal S211 , the black controller 204 outputs the black linear- 
converted luminance signal S213 outputted from the black linear converter 203 : as the black corrected luminance 
15 signal S205. Furthermore, when the black comparison signal S21 2 indicates that the luminance signal S201 is smaller 
than the black threshold value S203 and smaller than the minimum luminance value S211 , the black controller 204 
outputs the pedestal value S204 as the black corrected luminance signal S205. 

[0171] The black threshold value S203 and the pedestal value S204 are set so that the black corrected luminance 
signal S205 to be outputted from the gradation correcting apparatus 250 becomes an appropriate one, by the designer 
20 of the gradation correcting apparatus 250 with referring to the output video image displayed on a display unit (not 
shown). The black threshold value S203 and the pedestal value S204 are stored in a predetermined memory (not 
shown), and are read from the memory by the black linear converter 203 or the like. 

[0172] By repeating the processes of steps S11 to S14 in the flowchart shown in figure 13, black-side gradation 
correction is performed on the luminance signal S201 . 
25 [01 73] The black corrected luminance signal S205 outputted from the gradation correcting apparatus 250 as well as 
the color-difference signals are converted into RGB signals, whereby a gradation -corrected video image is displayed 
on the display unit (not shown). 

[0174] Figure 14 is a diagram illustrating the relationship between the luminance signal S201 and the black corrected 
luminance signal S205. 

30 [0175] When taking the luminance signal S201 on the X axis and the black corrected luminance signal S205 on the 
Y axis, the relationship between the luminance signal S201 and the black corrected luminance signal S205 becomes 
a graph shown in figure 14. However, it is premised that the minimum luminance signal S211 is smaller than the black 
threshold value S203. 

[01 76] As described above, when the luminance signal S201 is within a range D shown in figure 1 4, a black corrected 
35 luminance signal S205 which is obtained by linear-converting the luminance signal S201 into a straight line connecting 
the minimum black value S211 and the black threshold value S203, is outputted. Further, when the luminance signal 
S201 is within a range C shown in figure 14, the pedestal value S204 is outputted as a black corrected luminance 
signal S205. 

[0177] As described above, the gradation correcting apparatus according to the tenth embodiment is provided with 
40 the minimum value detector 201 for detecting the minimum luminance value S21 1 ; the black comparator 202 for com- 
paring the luminance signal S201 , the black threshold value S203, and the minimum luminance value S211 ; the black 
linear converter 203 for performing linear conversion on the luminance signal S201 ; and the black controller 204 for 
selecting one from among the luminance signal S201 , the pedestal value S204, and the black linear converted lumi- 
nance signal S213, on the basis of the comparison result in the black comparator 202, and outputting it as the black 
^5 corrected luminance signal S205. Therefore, stable correction of the gradation of the luminance signal S201 can be 
carried out without using a feedback system. Further since the black level is extended to the pedestal value S204 
when the luminance signal S201 is within the range D, the most of the expressible black side can be expressed, 
whereby the dynamic range can be enlarged. 

[0178] While in this tenth embodiment the minimum value detector 201 detects the minimum luminance value S211 
50 for every field, the present invention is not restricted thereto. For example, the minimum value detector 201 may detect 
the minimum luminance value S211 for every several fields or every frame. 

[0179] Furthermore, in the flowchart shown in figure 13 according to the tenth embodiment, the process in step S22 
and the process in step S23 may be simultaneously performed irrespective of the order. 

55 (Embodiment 11) 

[0180] Hereinafter, a gradation correcting apparatus according to an eleventh embodiment of the present invention 
will be described with reference to the drawings. 
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[0181] Figure 15 is a block diagram illustrating the construction of a gradation correcting apparatus according to the 
eleventh embodiment. 

[0182] With reference to figure 15, a gradation correcting apparatus 251 is provided with a minimum value detector 
201 , a black comparator 202, a black linear converter 203, a black controller 204 t and a threshold value change unit 
205. The constructions and operations of parts other than part relating to the threshold value change unit 205 are 
identical to those of the gradation correcting apparatus 250 of the tenth embodiment and, therefore, repeated descrip- 
tion is not necessary. 

[0183] The threshold value change unit 205 changes a black threshold value S203 on the basis of an average lumi- 
nance level S206 which is obtained by averaging luminance levels over a predetermined period of time, e.g., one field 
or several fields of a luminance signal S201 , and outputs the black threshold value S203 so changed, as a changed 
black threshold value S21 4. 

[0184] Next, the operation of the gradation correcting apparatus according to the eleventh embodiment will be de- 
scribed. 

[0185] The threshold value change unit 205 receives the average luminance level S206 and the black threshold 
value S203. Then, the threshold value change unit 205 changes the black threshold value S203 so as to decrease it 
when the average luminance level S206 is smaller than a predetermined reference value, and changes the black 
threshold value S203 so as to increase it when the average luminance level S206 is larger than the predetermined 
reference value. The threshold value change unit 205 outputs the changed value of the black threshold value S203, 
as a changed black threshold value S214, to the black comparator 202 and to the black linear converter 203. As for 
the reference value to be used for the large/small evaluation of the average luminance level S206 and the amount of 
change of the black threshold value S203, appropriate values are selected by the designer. 

[0186] In the black comparator 202 and the black linear converter 203, the changed black threshold value S214 is 
used in like manner as the black threshold value S204 described for the first embodiment. 

[0187] The operation of the gradation correcting apparatus 251 other than the threshold value change unit 205 is 
identical to that described for the tenth embodiment and, therefore, repeated description is not necessary. 
[0188] As described above, the gradation correcting apparatus according to the eleventh embodiment is provided 
with the threshold value change unit 205 for changing the black threshold value S203 on the basis of the average 
luminance level S206, and outputting the changed black threshold value S214. Therefore, in addition to the effects of 
the tenth embodiment, the black threshold value S203 can be appropriately changed according to the condition of the 
luminance signal S201 over one field or several fields, and display can be carried out with the dynamic range being 
enlarged more appropriately according to the dynamic range of the display unit, and furthermore, the contrast of the 
video image constituted by the black corrected luminance signal S205 can be enhanced. 

[0189] The amount of change of the black threshold value S203 by the threshold value change unit 205 may be a 
default value that is determined by the designer, or it may be a variable value that is determined on the basis of a 
difference between a predetermined reference value and the average luminance level S206. 

[0190] While in this eleventh embodiment the threshold value change unit 205 compares the average luminance 
level S206 with a single reference value, the present invention is not restricted thereto, and there may be two or more 
reference values to be compared with the average luminance level S206. For example, the threshold value change 
unit 205 changes the black threshold value S203 so as to decrease it when the average luminance level S206 is smaller 
than a first reference value, does not change the black threshold value S203 when the average luminance level S206 
is between the first reference value and a second reference value that is larger than the first reference value, and 
changes the black threshold value S203 so as to increase it when the average luminance level S206 is larger than the 
second reference value. 

(Embodiment 12) 

[0191] Hereinafter, a gradation correcting apparatus according to a twelfth embodiment of the present invention will 
be described with reference to the drawings. 

[0192] Figure 16 is a block diagram illustrating the construction of a gradation correcting apparatus according to the 
twelfth embodiment. 

[0193] With reference to figure 16, a gradation correcting apparatus 252 is provided with a minimum value detector 
201 , a black comparator 202, a black linear converter 203, a black controller 204 : and a threshold value change unit 
206. The constructions and operations of parts other than part relating to the threshold value change unit 206 are 
identical to those of the gradation correcting apparatus 250 of the tenth embodiment and, therefore, repeated descrip- 
tion is not necessary. 

[0194] The threshold value change unit 206 changes a black threshold value S203 on the basis of a minimum lumi- 
nance value S21 1 , and outputs the black threshold value S203 so changed as a changed black threshold value S21 5. 
[0195] Next, the operation of the gradation correcting apparatus according to the twelfth embodiment will be de- 
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scribed. 

[0196] The threshold value change unit 206 receives the minimum luminance value S211 and the black threshold 
value S203. The threshold value change unit 206 changes the black threshold value S203 so as to decrease it when 
the minimum luminance value S211 is smaller than a predetermined reference value, and changes the black threshold 

5 value S203 so as to increase it when the minimum luminance value S211 is larger than the predetermined reference 
value. The threshold value change unit 206 generates a changed black threshold value S215, and outputs it to the 
black comparator 202 and to the black linear converter 203. As for the reference value to be used for the large/small 
evaluation of the minimum luminance value S21 1 and the amount of change of the black threshold value S203, appro- 
priate values are selected by the designer. 

10 [0197] In the black comparator 202 and the black linear converter 203, the changed black threshold value S215 is 
used in like manner as the black threshold value S203 according to the tenth embodiment. 

[0198] The operation of the gradation correcting apparatus 252 other than the threshold value change unit 206 is 

identical to that described for the tenth embodiment and, therefore, repeated description is not necessary. 

[01 99] As described above, the gradation correcting apparatus according to the twelfth embodiment is provided with 

is the threshold value change unit 206 for changing the black threshold value S203 on the basis of the minimum luminance 
level S211, and outputting the changed black threshold value S215. Therefore, in addition to the same effects as 
described for the tenth embodiment, display can be carried out with the dynamic range being appropriately enlarged 
by effectively using the information obtained from the input video signal, and furthermore, the contrast of the video 
image constituted by the black corrected luminance signal S205 can be further enhanced. 

20 [0200] The amount of change of the black threshold value S203 by the threshold value change unit 205 may be a 
default value that is determined by the designer, or it may be a variable value that is determined on the basis of a 
difference between a predetermined reference value and the minimum luminance level S211 . 

[0201] While in this twelfth embodiment the threshold value change unit 206 compares the minimum luminance level 
S211 with a single reference value, the present invention is not restricted thereto, and there may be two or more 

?5 reference values to be compared with the minimum luminance value S21 1 . For example, the threshold value change 
unit 206 changes the black threshold value S203 so as to decrease it when the minimum luminance level S211 is 
smaller than a first reference value, does not change the black threshold value S203 when the minimum luminance 
level S21 1 is between the first reference value and a second reference value that is larger than the first reference value, 
and changes the black threshold value S203 so as to increase it when the minimum luminance level S211 is larger 

30 than the second reference value. 

(Embodiment 13) 

[0202] Hereinafter, a gradation correcting apparatus according to a thirteenth embodiment of the present invention 
35 will be described with reference to the drawings. 

[0203] Figure 17 is a block diagram illustrating the construction of a gradation correcting apparatus according to the 
thirteenth embodiment. 

[0204] With reference to figure 17, a gradation correcting apparatus 253 is provided with a minimum value detector 
201 , a black comparator 202, a black linear converter 203, a black controller 204, a maximum value detector 207 s and 
40 a threshold value generator 209. The constructions and operations of parts other than part relating to the maximum 
value detector 207 and the threshold value generator 209 are identical to those of the gradation correcting apparatus 
250 of the tenth embodiment, and therefore, repeated description is not necessary. 

[0205] The maximum value detector 207 receives a luminance signal S201 and a sampling window S202 indicating 
a sampling period, and outputs a maximum luminance value S21 6 that is a maximum value of luminance values within 
a predetermined period that is subjected to sampling. 

[0206] The threshold value generator 209 receives the minimum luminance value S21 1 outputted from the minimum 
value detector 201 and the maximum luminance value S21 6 outputted from the maximum value detector 207, obtains 
a difference between the maximum luminance value S21 6 and the minimum luminance value S21 1 , performs an arith- 
metic operation in which the obtained difference is divided by 2 and the minimum luminance value S211 is added to 
50 the result of the division, and outputs the operation result as a black threshold value S208. 

[0207] Next, the operation of the gradation correcting apparatus according to the thirteenth embodiment will be de- 
scribed. 

[0208] The maximum value detector 207 detects a maximum luminance value S21 6 that is the maximum value of 
the luminance signal S101, for every field, according to the sampling window S202, and outputs the maximum lumi- 
55 nance value S21 6. 

[0209] The threshold value generator 209 performs the above-mentioned operation on the minimum luminance value 
S211 and the maximum luminance value S216, and outputs a black threshold value S208. In the black comparator 
202 and the black linear converter 203, the black threshold value S208 is used in like manner as the black threshold 
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value S203 according to the tenth embodiment. 

[021 0] The operation of the gradation correcting apparatus 253 other than the maximum value detector 207 and the 
threshold value generator 209 is identical to that described for the tenth embodiment and, therefore, repeated descrip- 
tion is not necessary. 

[0211] As described above, the gradation correcting apparatus according to the thirteenth embodiment is provided 
with the maximum value detector 207 for detecting the maximum luminance value S216, and the threshold value 
generator 209 for generating a black threshold value S208 on the basis of the minimum luminance value S21 1 and the 
maximum luminance value S216. Therefore, in addition to the same effects as described for the tenth embodiment, 
an appropriate black threshold value S208 can be generated by effectively using the information obtained from the 
input video signal, and display can be carried out with the dynamic range being enlarged more appropriately according 
to the dynamic range of the display unit, and furthermore, the contrast of the video image constituted by the black 
corrected luminance signal S205 can be further enhanced. 

[0212] In the threshold value generator 209 according to the thirteenth embodiment, "2" is employed as a value by 
which the difference between the maximum luminance value S21 6 and the minimum luminance value S21 1 is divided. 
However, this value may be a predetermined real number which is selected by the designer so that the output video 
image becomes a satisfactorily one. 

[0213] Furthermore, while in this thirteenth embodiment the maximum value detector 207 detects the maximum 
luminance value S216 for every field, the present invention is not restricted thereto. For example, the maximum value 
detector 207 may detect the maximum luminance value S216 for every several fields or every frame. 

(Embodiment 14) 

[0214] Hereinafter, a gradation correcting apparatus according to a fourteenth embodiment of the present invention 
will be described with reference to the drawings. 

[0215] Figure 18 is a block diagram illustrating a gradation correcting apparatus according to the fourteenth embod- 
iment. 

[0216] In figure 18, a gradation correcting apparatus 254 is provided with a minimum value detector 201 , a black 
comparator 202, a black linear converter 203, a black controller 204, and a minimum value change unit 210. The 
constructions and operations of parts other than part relating to the minimum value change unit 210 are identical to 
those of the gradation correcting apparatus 250 of the tenth embodiment and, therefore, repeated description is not 
necessary. 

[021 7] The minimum value change unit 21 0 adds or subtracts a predetermined value to/from the minimum luminance 
value S211, and outputs the minimum luminance value S211 so changed as a changed minimum luminance value 
S219. As for the predetermined value to be added to or subtracted from the minimum luminance value S211 by the 
minimum value change unit 210, an appropriate value is previously selected by the designer, and whether the value 
is to be added to or subtracted from the minimum luminance value S211 is also determined by the designer. 
[0218] Next, the operation of the gradation correcting apparatus according to the fourteenth embodiment will be 
described. 

[0219] The minimum luminance value S21 1 detected by the minimum value detector 201 is inputted to the minimum 
value change unit 210. The minimum value change unit 210 adds or subtracts a predetermined value to/from the 
minimum luminance value S21 1 , and outputs a changed minimum luminance value S21 9. Then, in the black comparator 
202 and the black linear converter 203, the changed minimum luminance value S119 is used in like manner as the 
minimum luminance value S211 according to the tenth embodiment. 

[0220] Since the operation of the gradation correcting apparatus 254 other than the minimum value change unit 21 0 
is identical to that described for the tenth embodiment, repeated description is not necessary. 

[0221] As described above, the gradation correcting apparatus according to the fourteenth embodiment is provided 
with the minimum value change unit 210 for changing the minimum luminance value S211. Therefore, in addition to 
the same effects as described for the tenth embodiment, the flexibility in performing gradation correction is increased, 
whereby display can be carried out with the dynamic range being enlarged more appropriately according to the dynamic 
range of the display unit. 

[0222] While in this fourteenth embodiment the minimum value change unit 210 adds or subtracts a value that is 
predetermined by the designer to/from the minimum luminance value S211, the present invention is not restricted 
thereto. The minimum value change unit 21 0 may generate a changed minimum luminance value S21 9 by comparing 
the minimum luminance value S211 from the minimum value detector 201 with a predetermined single reference value 
or plural reference values, and changing the minimum luminance value S211 on the basis of the comparison result. 
As for the process of changing the minimum luminance value S211 , for example, there is a process of subtracting a 
predetermined value from the minimum luminance value S211 when the minimum luminance value S21 1 is larger than 
a predetermined reference value while adding the predetermined value to the minimum luminance value S211 when 
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the minimum luminance value S211 is smaller than the predetermined reference value, or a process of changing the 
minimum luminance value S211 so that the minimum luminance value S211 falls within a predetermined range. 

(Embodiment 15) 

5 

[0223] Hereinafter, a gradation correcting apparatus according to a fifteenth embodiment of the present invention 
will be described with reference to the drawings. 

[0224] Figure 19 is a block diagram illustrating the construction of a gradation correcting apparatus according to the 
fifteenth embodiment. 

10 [0225] With reference to figure 1 9, a gradation correcting apparatus 255 is provided with a minimum value detector 
201 , a black comparator 202, a black linear converter 203, a black controller 204, and a minimum value change unit 
211. The constructions and operations of parts other than part relating to the minimum value change unit 211 are 
identical to those of the gradation correcting apparatus 250 of the tenth embodiment, and therefore, repeated descrip- 
tion is not necessary. 

is [0226] The minimum value change unit 21 1 changes the minimum luminance value S21 1 outputted from the minimum 
value detector 201 on the basis of the average luminance level S206, and outputs the minimum luminance value S211 
so changed as a changed minimum luminance value S220. 

[0227] Next, the operation of the gradation correcting apparatus according to the fifteenth embodiment will be de- 
scribed. 

20 [0228] The minimum luminance value S211 detected by the minimum value detector 201 is inputted to the minimum 
value change unit 211 . The minimum value change unit 211 changes the minimum luminance value S211 so as to 
decrease it when the average luminance level S206 is smaller than a predetermined reference value, and changes 
the minimum luminance value S211 so as to increase it when the average luminance level S206 is larger than the 
predetermined reference value. Then, the minimum value change unit 211 outputs the minimum luminance value S211 

25 so changed, as a changed minimum luminance value S220, to the black comparator 202 and to the black linear con- 
verter 203. As for the reference value to be used for the large/small evaluation of the average luminance level S206 
and the amount of change of the minimum luminance value S211 , appropriate values are selected by the designer. 
[0229] in the black comparator 202 and the black linear converter 203, the changed minimum luminance value S220 
is used in the same manner as the minimum luminance value S211 of the tenth embodiment. 

30 [0230] The operation of the gradation correcting apparatus 255 other than the minimum value change unit 211 is 
identical to that described for the tenth embodiment and, therefore, repeated description is not necessary. 
[0231] As described above, the gradation correcting apparatus according to the fifteenth embodiment is provided 
with the minimum value change unit 211 for changing the minimum luminance value S211 on the basis of the average 
luminance level S206, and outputting the changed minimum luminance value S220. Therefore, in addition to the same 

35 effects as described for the tenth embodiment, display can be carried out with the dynamic range that is appropriately 
enlarged, by effectively using information obtained from the input video signal. 

[0232] The amount of change of the minimum luminance value S211 by the minimum value change unit 211 may be 
a default value that is determined by the designer, or it may be a variable value that is determined on the basis of a 
difference between a predetermined reference value and the average luminance level 3206. 
40 [0233] Further, while in this fifteenth embodiment the minimum value change unit 21 1 compares the average lumi- 
nance level S206 with a single reference value, the present invention is not restricted thereto, and there may be two 
or more reference values to be compared with the average luminance level S206. 

(Embodiment 16) 

45 

[0234] Hereinafter, a gradation correcting apparatus according to a sixteenth embodiment of the present invention 
will be described with reference to the drawings. 

[0235] Figure 20 is a block diagram illustrating the construction of a gradation correcting apparatus according to the 
sixteenth embodiment. 

50 [0236] With reference to figure 20, a gradation correcting apparatus 256 is provided with a minimum value detector 
201, a black comparator 202, a black linear converter 203, a black controller 204, and a microprocessor 213. The 
constructions and operations of parts other than part relating to the microprocessor 21 3 are identical to those described 
for the gradation correcting apparatus 250 according to the tenth embodiment and, therefore, repeated description is 
not necessary. 

55 [0237] The microprocessor 21 3 performs the same process as the minimum value change unit 21 0 according to the 
fourteenth embodiment, and outputs a changed minimum luminance value S222. 

[0238] Next, the operation of the gradation correcting apparatus according to the sixteenth embodiment will be de- 
scribed. 
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[0239] The microprocessor 213 performs the same processing as the minimum value change unit 210 of the four- 
teenth embodiment, on the minimum luminance value S21 1 detected by the minimum value detector 201 , and outputs 
a changed minimum luminance value S222 to the black comparator 202 and to the black linear converter 203. 
[0240] In the black comparator 202 and the black linear converter 203, the changed minimum luminance value S222 
is used in like manner as the minimum luminance value S211 according to the tenth embodiment. 
[0241] The operation of the gradation correcting apparatus 256 other than the microprocessor 21 3 is identical to that 
described for the tenth embodiment and, therefore, repeated description is not necessary. 

[0242] As described above, the gradation correcting apparatus according to the fifteenth embodiment is provided 
with the microprocessor 213 which performs the same processing as the minimum value change unit 21 0 of the four- 
teenth embodiment that changes the minimum luminance value S211 to generate a changed minimum luminance 
value. Therefore, in addition to the same effects as described for the fourteenth embodiment, the processing speed 
can be increased by performing the processing with the microprocessor 213. Further, since the gradation correcting 
apparatus 253 is not required to have a circuit for performing arithmetic processing or the like, the circuit scale of the 
gradation correcting apparatus 256 can be reduced. 

(Embodiment 1 7) 

[0243] Hereinafter, a gradation correcting apparatus according to a seventeenth embodiment of the present invention 
will be described with reference to the drawings. 

[0244] Figure 21 is a block diagram illustrating the construction of a gradation correcting apparatus according to the 
seventeenth embodiment. 

[0245] With reference to figure 21 , a gradation correcting apparatus 257 is provided with a minimum value detector 
201 , a black comparator 202, a black linear converter 203, a black controller 204, a luminance change amount detector 
214, and a color linking unit 215. The constructions and operations of parts other than parts relating to the luminance 
change amount detector 214 and the color linking unit 215 are identical to those of the gradation correcting apparatus 
250 of the tenth embodiment and, therefore, repeated description is not necessary. 

[0246] The luminance change amount detector 214 receives the luminance signal S201 and the black corrected 
luminance signal S205, and obtains a difference between the luminance signal S201 and the black corrected luminance 
signal S205 to detect an amount of change of the luminance value that is gradation-corrected to the black side, and 
outputs the amount of change as a luminance change amount S225. 

[0247] The color linking unit 215 corrects a color-difference signal S223 according to the luminance change amount 
S225 to take a balance between the color-difference signal S223 and the black corrected luminance signal S205 that 
is gradation-corrected to the black side. 

[0248] Next, the operation of the gradation correcting apparatus according to the seventeenth embodiment will be 
described. 

[0249] The luminance change amount detector 21 4 obtains a difference between the luminance signal S201 and the 
black corrected luminance signal S205, and outputs the difference as a luminance change amount S225 to the color 
linking unit 215. The color linking unit 215 changes the color-difference signal S223 on the basis of the luminance 
change amount S225, and outputs a corrected color-difference signal S224. For example, when AY is inputted as a 
luminance change amount S225 and R-Y and B-Y are inputted as color-difference signals S223 to the color linking 
unit 215, the color-difference signals S223 are converted into R-Y-AY and B-Y-AY in the color linking unit 215, respec- 
tively, and they are outputted as corrected color-difference signals S224. Here, the AY is a value obtained by subtracting 
the luminance signal S201 from the black corrected luminance signal S205. 

[0250] The operation of the gradation correcting apparatus 257 other than the luminance change amount detector 
214 and the color linking unit 215 is identical to that described for the tenth embodiment and, therefore, repeated 
description is not necessary. 

[0251] As described above, the gradation correcting apparatus according to the seventeenth embodiment is provided 
with the luminance change amount detector 214 which detects a luminance change amount S225 on the basis of the 
luminance signal S201 and the black corrected luminance signal S205, and the color linking unit 215 which corrects 
the color-difference signal S223 on the basis of the luminance change amount S225, and outputs the corrected color- 
difference signal S224. Therefore, in addition to the same effects as described for the tenth embodiment, the corrected 
color-difference signal S224 is obtained by correcting the color-difference signal S223. 

[0252] Conversion to be performed on the color-difference signal S223 by the color linking unit 21 5 is not restricted 
to the conversion described for the seventeenth embodiment. Any conversion may be carried out so long as the color- 
difference signal S223 is appropriately changed according to the luminance change amount S225 that is the amount 
of change of the luminance signal S201 , and the corrected color-difference signal S224 is balanced with the black 
corrected luminance signal S205. 

[0253] In the tenth to seventeenth embodiments, the gradation correcting apparatus of the present invention is ap- 
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plicable whether the pedestal value S204 is a fixed value or a variable value. 

[0254] Furthermore, the respective constituents of the gradation correcting apparatus according to each of the above- 
mentioned embodiments may be implemented by hardware unique to the apparatus or software by program control. 
[0255] Moreover, the gradation correcting apparatus may be constructed so as to have both of a gradation correcting 
5 unit relating to white correction according to any of the first to ninth embodiment and a gradation correcting unit relating 
to black correction according to any of the tenth to seventeenth embodiments. 

[Embodiment 18] 

10 [0256] Hereinafter, a video display apparatus according to an eighteenth embodiment of the present invention will 
be described with reference to the drawings. 

[0257] Figure 22is a block diagram illustrating an example of construction of a video display apparatus according to 
the eighteenth embodiment. 

[0258] In figure 22, a video display apparatus 1 000 is provided with a tuner 1 001 , a YC separator 1 002, a gradation 
is corrector 1003, a chrominance demodulator 1004, an RGB converter 1005, and a display unit 1006. 

[0259] The tuner 1001 receives a radio wave from an antenna 1 007, and outputs a video signal to the YC separator 
1002. 

[0260] The YC separator 1002 separates the video signal from the tuner 1001 into a luminance signal Y and a 
chrominance signal C, and outputs the luminance signal Y and the chrominance signal C to the gradation corrector 
20 1 003 and to the chrominance demodulator 1 004, respectively. 

[0261] As for the gradation corrector 1003, any of the gradation correcting apparatuses according to the first to 
seventeenth embodiments is employed. Then, the luminance signal Y is subjected to the gradation correction described 
for any of the above-mentioned embodiments, and the gradation -corrected luminance signal Y is outputted to the RGB 
converter 1005. 

25 [0262] The chrominance decoder 1 004 demodulates the chrominance signal C into color-difference signals R-Y and 
B-Y, and outputs the col or- difference signals R-Y and B-Y to the RGB converter 1005. 

[0263] The RGB converter 1005 converts the luminance signal Y from the gradation corrector 1 003 and the color- 
difference signals R-Y and B-Y from the color demodulator 1004 into RGB signals, and displays a video image on the 
display unit 1006. 

30 [0264] In this way, the gradation -corrected image is displayed on the display unit 1 006. As the display unit 1006, for 
example, an LCD (Liquid Crystal Display), a PDP (Plasma Display Panel), a CRT (Cathode Ray Tube) or the like is 
employed. 

[0265] As described above, the video display apparatus according to the eighteenth embodiment is provided with 
the gradation corrector 1 003 for performing gradation correction on the luminance signal Y. Therefore, the video image 
35 can be displayed with the dynamic range that is enlarged more appropriately, according to the dynamic range of the 
display unit 1 006. 

[0266] When any of the gradation correcting apparatuses described for the ninth to seventeenth embodiments is 
employed, the color-difference signals R-Y and B-Y outputted from the chrominance demodulator 1 004 are also input- 
ted to the gradation corrector 1003. 
40 [0267] Further, the construction of the video display apparatus shown in figure 22 is merely an example, and the 
video display apparatus of the present invention is not restricted to the construction shown in figure 22. Any construction 
may be employed so long as it can perform gradation correction on a luminance signal. 

[0268] Furthermore, while the video display apparatus 1 000 which receives a radio wave from the antenna 1 007 and 
displays a video image on the display unit 1 006 is described in this eighteenth embodiment, the video display apparatus 
45 of the present invention is not restricted to one receiving a radio wave. For example, the present invention is also 
applicable to a video display apparatus having no tuner, receiving a video signal from a PC or the like, and performing 
gradation correction on a luminance signal Y of the video signal to display a video image on a display unit. 

APPLICABILITY IN INDUSTORY 

so 

[0269] As described above, the gradation correcting apparatus, the gradation correcting method, and the video dis- 
play apparatus according to the present invention are useful as those for enlarging the dynamic range of a video signal, 
and are suited to those for performing gradation correction on a luminance signal of an input video signal. 

55 

Claims 

1 . A gradation correcting apparatus comprising: 
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a maximum value detection means for detecting a maximum value of a luminance signal within a predetermined 
period of time, and outputting it as a maximum luminance value; 

a comparison means for comparing a first white threshold value, the maximum luminance value, and the 
luminance signal, and outputting a result of the comparison as a white comparison signal; 
a linear conversion means for receiving the first white threshold value, a second white threshold value, the 
maximum luminance value : and the luminance signal, and performing a predetermined linear conversion on 
the luminance signal to output a white linear-converted luminance signal; and 

a control means for selecting one from among the luminance signal, the second white threshold value, and 
the white linear-converted luminance signal, on the basis of the white comparison signal, and outputting it as 
a white corrected luminance signal; 

wherein the control means selects the luminance signal when the white comparison signal indicates that the 
luminance signal is equal to or smaller than the first white threshold value, selects the white linear-converted 
luminance signal when the white comparison signal indicates that the luminance signal is larger than the first white 
threshold value and equal to or smaller than the maximum luminance value, and selects the second white threshold 
value when the white comparison signal indicates that the luminance signal is larger than the first white threshold 
value and larger than the maximum luminance value. 

A gradation correcting apparatus as defined in Claim 1 further comprising a threshold value change means for 
changing the first white threshold value on the basis of an average luminance level which is an average of levels 
of the luminance signal within a predetermined period of time, and outputting it as a changed white threshold value; 

wherein the comparison means and the linear conversion means employ the changed white threshold value 
instead of the first white threshold value. 

A gradation correcting apparatus as defined in Claim 1 further comprising a threshold value change means for 
changing the first white threshold value on the basis of the maximum luminance value, and outputting it as a 
changed white threshold value; 

wherein the comparison means and the linear conversion means employ the changed white threshold value 
instead of the first white threshold value. 

A gradation correcting apparatus as defined in Claim 1 further comprising: 

a minimum value detection means for detecting a minimum value of the luminance signal within a predeter- 
mined period of time, and outputting it as a minimum luminance value; and 

a threshold value generation means for performing a predetermined arithmetic operation on the basis of the 
maximum luminance value and the minimum luminance value to generate a first white threshold value; 

wherein the comparison means and the linear-conversion means employ the first white threshold value gen- 
erated by the threshold value generation means. 

A gradation correcting apparatus as defined in Claim 1 further comprising a maximum value change means for 
changing the maximum luminance value, and outputting it as a changed maximum luminance value; 

wherein the comparison means and the linear-conversion means employ the changed maximum luminance 
value instead of the maximum luminance value. 

A gradation correcting apparatus as defined in Claim 1 further comprising a maximum value change means for 
changing the maximum luminance value on the basis of an average luminance level which is an average of levels 
of the luminance signal within a predetermined period of time, and outputting it as a changed maximum luminance 
value; 

wherein the comparison means and the linear-conversion means employ the changed maximum luminance 
value instead of the maximum luminance value. 

A gradation correcting apparatus as defined in Claim 1 further comprising: 

a minimum value detection means for detecting a minimum value of the luminance signal within a predeter- 
mined period of time, and outputting it as a minimum luminance value; and 

a threshold value change means for changing the second white threshold value on the basis of the minimum 
luminance value, and outputting it as a changed white threshold value; 
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wherein the linear-conversion means and the control means employ the changed white threshold value in- 
stead of the second white threshold value. 

8. A gradation correcting apparatus as defined in Claim 1 further comprising a microprocessor for changing the max- 
imum luminance value, and outputting it as a changed maximum luminance value; 

wherein the comparison means and the linear conversion means employ the changed maximum luminance 
value instead of the maximum luminance value. 



9. A gradation correcting apparatus as defined in Claim 1 further comprising: 

10 

a luminance change amount detection means for detecting the amount of change from the luminance value 
of the luminance signal to the luminance value of the white corrected luminance signal, and outputting it as a 
luminance change amount; and 

a color linking means for correcting a color-difference signal on the basis of the luminance change amount. 

15 

10. A gradation correcting apparatus comprising: 

a minimum value detection means for detecting a minimum value of a luminance signal within a predetermined 
period of time, and outputting it as a minimum luminance value; 
20 a comparison means for comparing a black threshold value, the minimum luminance value, and the luminance 

signal, and outputting a result of the comparison as a black comparison signal; 

a linear conversion means for receiving the black threshold value, a pedestal value, the minimum luminance 
value, and the luminance signal, and performing a predetermined linear conversion on the luminance signal 
to output a black linear-converted luminance signal; and 
25 a control means for selecting one from among the luminance signal, the pedestal value, and the black linear- 

converted luminance signal, and outputting it as a black corrected luminance signal; 



wherein the control means selects the luminance signal when the black comparison signal indicates that the 
luminance signal is equal to or larger than the black threshold value, selects the black linear-converted luminance 
30 signal when the black comparison signal indicates that the luminance signal is smaller than the black threshold 

value and equal to or larger than the minimum luminance value, and selects the pedestal value when the black 
comparison signal indicates that the luminance signal is smaller than the black threshold value and smaller than 
the minimum luminance value. 



35 11. A gradation correcting apparatus as defined in Claim 10 further comprising a threshold value change means for 
changing the black threshold value on the basis of an average luminance level which is an average of levels of 
the luminance signal within a predetermined period of time, and outputting it as a changed black threshold value; 

wherein the comparison means and the linear conversion means employ the changed black threshold value 
instead of the black threshold value. 

40 

12. A gradation correcting apparatus as defined in Claim 10 further comprising a threshold value change means for 
changing the black threshold value on the basis of the minimum luminance value, and outputting it as a changed 
black threshold value; 

wherein the comparison means and the linear conversion means employ the changed black threshold value 
45 instead of the black threshold value. 



13. A gradation correcting apparatus as defined in Claim 10 further comprising: 

a maximum value detection means for detecting a maximum value of the luminance signal within a predeter- 
50 mined period of time, and outputting it as a maximum luminance value; and 

a threshold value generation means for performing a predetermined arithmetic operation on the basis of the 
minimum luminance value and the maximum luminance value to generate a black threshold value; 

wherein the comparison means and the linear conversion means employ the black threshold value generated 
55 by the threshold value generation means. 

14. A gradation correcting apparatus as defined in Claim 10 further comprising a minimum value change means for 
changing the minimum luminance value, and outputting it as a changed minimum luminance value; 
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wherein the comparison means and the linear conversion means employ the changed minimum luminance 
value instead of the minimum luminance value. 

15. A gradation correcting apparatus as defined in Claim 10 further comprising a minimum value change means for 
5 changing the minimum luminance value on the basis of an average luminance level which is an average of levels 

of the luminance signal within a predetermined period of time, and outputting it as a changed minimum luminance 
value; 

wherein the comparison means and the linear conversion means employ the changed minimum luminance 
value instead of the minimum luminance value. 

10 

16. A gradation correcting apparatus as defined in Claim 10 further comprising a microprocessor for changing the 
minimum luminance value, and outputting it as a changed minimum luminance value; 

wherein the comparison means and the linear conversion means employ the changed minimum luminance 
value instead of the minimum luminance value. 

15 

17. A gradation correcting apparatus as defined in Claim 10 further comprising: 

a luminance change amount detection means for detecting the amount of change from the luminance value 
of the luminance signal to the luminance value of the black corrected luminance signal, and outputting it as a 
20 luminance change value; and 

a color linking means for correcting a color-difference signal on the basis of the luminance change amount. 

18. A gradation correcting method comprising: 



25 a maximum value detection step of detecting a maximum value of a luminance signal within a predetermined 

period of time; 

a linear conversion step of receiving the first white threshold value, a second white threshold value, the max- 
imum luminance value, and the luminance signal, and performing a predetermined linear conversion on the 
luminance signal; 

30 a comparison step of comparing a maximum luminance value that is the maximum value detected in the 

maximum value detection step, the first white threshold value, and the luminance signal; and 
a selection step of selecting one from among a linear-converted luminance signal that is obtained by linear- 
converting the luminance signal in the linear conversion step, the luminance signal, and the second white 
threshold value, as a white corrected luminance signal, on the basis of a result of comparison in the comparison 

35 step; 

wherein, in the selection step, the luminance signal is selected when the result of comparison in the com- 
parison step indicates that the luminance signal is equal to or smaller than the first white threshold value, the linear- 
converted luminance signal is selected when the result of comparison in the comparison step indicates that the 
40 luminance signal is larger than the first white threshold value and equal to or smaller than the maximum luminance 

value, and the second white threshold value is selected when the result of comparison in the comparison step 
indicates that the luminance signal is larger than the first white threshold value and larger than the maximum 
luminance value. 



19. A gradation correcting method comprising: 

a minimum value detection step of detecting a maximum value of a luminance signal within a predetermined 
period of time; 

a linear conversion step of receiving a black threshold value, a pedestal value, the minimum luminance value, 
and the luminance value, and performing a predetermined linear conversion on the luminance signal; 
a comparison step of comparing the black threshold value, a minimum luminance value that is the minimum 
value detected in the minimum value detection step, and the luminance signal; and 

a selection step of selecting one from among a linear-converted luminance signal that is obtained by linear- 
converting the luminance signal in the linear conversion step, the luminance signal, and the pedestal value, 
as a black corrected luminance signal, on the basis of a result of comparison in the comparison step; 

wherein, in the selection step, the luminance signal is selected when the result of comparison in the com- 
parison step indicates that the luminance signal is equal to or smaller than the black threshold value, the linear- 
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converted luminance signal is selected when the result of comparison in the comparison step indicates that the 
luminance signal is smaller than the black threshold value and equal to or larger than the minimum luminance 
value, and the pedestal value is selected when the result of comparison in the comparison step indicates that the 
luminance signal is smaller than the black threshold value and smaller than the minimum luminance value. 

5 

20. A video display apparatus having a gradation correcting apparatus defined in any of Claims 1 to 17. 
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